In multi-antenna communication systems, channel information is often not known at the receiver. To fully exploit the bandwidth resources of the system and ensure the practical feasibility of the receiver, the channel parameters are often estimated and then employed in the design of signal detection algorithms. However, sometimes communication can occur in an environment where learning the channel coefficients becomes infeasible. In this paper we consider the problem of maximum-likelihood (ML)-detection in singleinput multiple-output (SIMO) systems when the channel information is completely unavailable at the receiver and when the employed signalling at the transmitter is q-PSK. It is well known that finding the solution to this optimization requires solving an integer maximization of a quadratic form and is, in general, an NP hard problem. To solve it, we propose an exact algorithm based on the combination of branch and bound tree search and semi-definite program (SDP) relaxation. The algorithm resembles the standard sphere decoder except that, since we are maximizing we need to construct an upper bound at each level of the tree search. We derive an analytical upper bound on the expected complexity of the proposed algorithm.
INTRODUCTION
Multi-antenna wireless communication systems are capable of providing reliable data transmission at very high rates. The channel in such systems is, in principle, unknown to the receiver and needs to be estimated either prior to or concurrently with the detection of the transmitted signal. However learning channel coefficients requires time which in environments with rapidly changing conditions can be impractical. In this paper we study the problem of ML detection when the channel information is unavailable at the receiver. The system, that we study has a single transmit antenna and multiple receive antennas.
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We assume a standard flat-fading channel model for multiantenna systems (see Figure 1 ), X= p2sh+W (1) where m denotes the number of receive antennas. The number of the transmitted antennas is 1 
and then choosing the one that minimizes the objective function. Using the QR-decomposition of X* = QR (Q is unitary matrix, R is upper triangular matrix), we can reformulate (4) as d2 < IRs112. Therefore in order to find all s such that (5) Using the upper-triangular property of R (see Figure 2 ), 
The sphere decoder finds all points s in (4) by proceeding inductively on (7), starting from k = m and proceeding to k = 1. In other words, for k = m it determines all onedimensional lattice points sm such that This gives all two-dimensional lattice points that satisfy (5); we proceed in a similar fashion until k = 1. We refer to this algorithm as out-sphere decoder. The out-sphere decoder algorithm thus generates a tree (see Figure 3) , where the branches at the (m-k + I)th level of the tree correspond to all (mn-k + 1)-dimensional lattice points satisfying (7) . Therefore, at the bottom of the tree (the m-th level) all points satisfying (4) are found.
Fig. 3. Tree search
In order to complete the algorithm we need a way of computing UB(Sk:m). For this we will use well known SDP-relaxation technique (more on SDP-relaxation interested reader can find in [1] and its applications in ML-detection in wireless communications in [7] , [11] , [9] , [8] In this section we compute an upper bound the expected complexity of the out-sphere decoder introduced in the previous section. Effectively we will compute the probability that each point in the tree which would correspond to the exhaustive search is actually in the tree of the out-sphere decoder. To make problem tractable we will here make approximative assumption that the matrix X from (3) has i.i.d. real/complex Gaussian entries with zero-mean and unit-variance. In some sense this is an emulation of a very low SNR regime where the matrix W should be dominant in the matrix X and where the complexity of the out-sphere decoder should be the highest. So it is reasonable to believe that in the higher SNR regime that would be of interest in practical consideration the complexity of the out-sphere decoder would be upper-bounded by the value computed based on the assumption that the values of the matrix X from (3) are i.i.d. Gaussian.
The real case
In this subsection we will assume q = 2 and the elements of h and W are i.i.d real zero-mean unit-variance Gaussian. Now it relatively easily follows that all points from the same level are equally likely to be in the search tree. Let pjk, 1 < j 2 2t-k+1 denote the points from the level -k + 1 of the search tree f from Figure 3 . Further let Pk (pi C 7) be the probability that pj is in the search tree f. (8) Now, let us consider in particular the probability that a fixed point from level k, 0 < k < m Pk is in the search tree. Clearly, from (7), (8), (9) we have (9) Pk(pk C ) = Pr(d2 < IIRk:m,k:mSk:m 2+UB(Sk:m)) < Pr(d2 < lRk:m,k:mSk:m ll2 + kr rnax 1R1:k-l,:k ISI:k l +Rl:k 1,k:mSk:m SI: k-1 ESk-1 (10) < 2k 1Pr(d2 < IRk:m,k:mSk:m + ar 1 R1:k1,1-:k1S1:k l + R1:k l,k:mSk:m 2). (12) It is not that difficult to note that the two summands on the right hand side of the inequality inside the probability from Theorem 1 Consider the SIMO system from (1) . Assume that components of h and W are i. i. d real Gaussian with zero-mean and unit variance and that siC {-m1 11}.
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Further assume that the out-sphere decoder is usedfor solv-112 ing ML-detection problem in a SIMO system described by Ec-ttlIRsI (1 (11) and (16) 
